Non-pressure irrigation is an efficient micro-irrigation technique, which has the lower system investment and higher irrigation water use efficiency. In this text the irrigation scheduling based on pan evaporation and soil matric potential threshold was made for greenhouse tomato under non-pressure irrigation technique. Soil matric potential was measured by tensiometer and threshold was designed as -25 kPa. Pan evaporation was measured by 20 cm standard pan and crop-pan coefficients (Kcp) were designed as 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2. Tomato yield, irrigation water-use efficiency, plant growth and biomass allocation were studied to identify suitable crop-pan coefficient. Irrigation frequency and soil matric potential were analyzed to study the characteristic of irrigation application based on tensiometer and pan. For all Kcp used, there was significant difference in tomato yield between Kcp = 1.2 and other treatments, whereas there was no significant difference among Kcp = 0.2~0.8 treatments. Irrigation water-use efficiency was the highest when Kcp = 0.2. Higher irrigation water amount had no significant influence on plant height, while it increased stem diameter and biomass accumulation. Root system was concentrated in the top 40 cm of the soil and independent of Kcp used. Irrigation application was frequent and low volume. The hysteresis of irrigation water amount calculation based on pan evaporation and the validity of tensiometer location were two main factors affecting the consistency between irrigation application and plant water consumption.
Introduction
The huge investment of drip irrigation system is a main reason to retard its development in many countries. Nonpressure irrigation (Chen et al. 2006 ) is one of the microirrigation techniques, which has the similar tube installation to subsurface drip irrigation. Because there is no pressurizing equipment in the non-pressure irrigation system and almost no saturated area in the wetted soil volume (Zhao et al. 2007) , it would reduce the project investment greatly and has the higher irrigation water use efficiency than drip irrigation. The non-pressure irrigation has potential widely usage in the arid area and many countries. Yield increase mostly depends on timely and adequately application of required irrigation water (Ahmet Ertek et al. 2006 ). The required irrigation water amount calculation based on pan evaporation has widespread usage due to its simple and easy application (Elliades 1988; Yuan et al. 2001 ). The evapotranspiration of grown plants can be deduced by pan evaporation with the help of predetermined coefficients (Doorenbos and Pruitt 1975) . Soil moisture sensor is one of the scientifically based irrigation scheduling methods to make irrigation time for vegetable production (Thompson et al. 2007) , and the soil water matric potential (SMP) thresholds are much more reliable than soil water content thresholds for scheduling irrigations in greenhouse-grown vegetable crops (Thompson et al., 2007) . Since they are relatively inexpensive and their usage does not require site-specific calibration, tensiometers are feasible for measuring the SMP in practice (Hoppula et al., 2007; Shock et al., 2000) . In this text the irrigation scheduling for greenhouse tomato under non-pressure irrigation was made based on the evaporation from 20 cm standard pan (Kcp = 0.2, 0.4, 0.6, 0.8, 1.0, 1.2) and the SMP threshold (-25 kPa) of tensiometer. The purpose of this research was (1) to identify suitable crop-pan coefficient in order to increase crop water efficiency and tomato yield; (2) to study the characteristic of irrigation scheduling based on pan evaporation and tensiometers for non-pressure irrigation. Results will supply guidance to the utilization and management of non-pressure irrigation technique.
Materials and Methods

Experimental location and Design
The field experiment was conducted in a greenhouse of Dry Area Agriculture Water and Soil Project Ministry of Education Key Laboratory, of the Northwest A&F , and the field moisture capacity was 23.8 g g -1 .
IRRIGATION SCHEDULING OF GREENHOUSE TOMATO BASED ON PAN EVAPORATION AND TENSIOMETER UNDER NON-PRESSURE IRRIGATION
The experiment was set up in a randomized complete block design with three blocks and six application rate treatments with the following crop-pan coefficients, Kcp1 = 0.2, Kcp2 = 0.4, Kcp3 = 0.6, Kcp4 = 0. 
Irrigation
Before the transplanting of tomato, a non-pressure irrigation system was installed in the rows at 10 cm depth ( Figure 1 ). Marriott bottle was used as the water resource. Its air inlet and water outlet had the same centerline to keep the zero water head at the water resource. The water head between the water resource and emitters was negative value and approximately zero. Irrigation tubing (16 mm diameter), with in-built emitters (holes with 6 mm diameter) at 30 cm spacing, was used. To prevent blockage, emitters were parceled with woolen fabrics. Two tensiometers were installed at 20 cm depth and 10 cm from the emitter in each irrigation treatment. SMP were recorded everyday at 8 a.m. Before the irrigation the tubing was exhausted from air and filled with water. The irrigation water was potable water pumped from groundwater. 
Plant Measurements
Tomato was harvested twice a week between 5 June and 27 July 2009. Total yields were given as g/plant and commercial yields as g/fruit. Tomato fruits were graded into culls according to GB8852-88 of national standard of People's Republic of China for fresh-market tomato. Plant height and stem diameter were measured every 10 days from transplanting to tip pruning period. Eleven plants of each plot were measured. The resource allocation was measured at last harvest on 27 July 2009. Five plants of each plot were selected and cut into roots and shoot. Roots were dug up every 10 cm soil layer with 30 cm width and 50 cm length along the tube direction until the roots wasn't observed. After cleaning, they were weighed and bagged separately and placed in a drying oven at 80 for 5 days. After drying, dry masses were ℃ weighed.
Statistical methods
For statistical analysis of the yield and dry weight of different treatments, the analysis of variance was performed by using the SAS MIXED procedure (Hoppula et al. 2007 ). The significance level used for all tests was 0.05.
Results and Discussion
Irrigation frequency
The irrigation time interval in different growing periods of tomato is presented at Table 1 . The pan evaporation changed with seasons and got the maximum value of 3.6 mm/d in the tomato flowering stage. The irrigation frequency got the smallest value (once per 6-9 days) in seedling period because of the big transplanting water and small evapotranspiration. In the flowering and fruiting periods, the irrigation time interval decreased and the irrigation frequency was once per 1~5 days and once per 1~2 days, respectively. The highest irrigation frequency was in the treatments of Kcp1 and Kcp2.
Soil matric potential
For the whole growing season of tomato, the soil matric potential of all irrigation treatments are shown in Figure 2 . The increasing trend of soil matric potential in some days indicated that tensiometers were located in the range of wetted soil volume, which guaranteed the validity of tensiometer to monitor the soil moisture in different irrigation treatments, especially when Kcp was 0.2, which had the smallest irrigation water amount. 
Plant height and stem diameter
Growing processes of plant height and stem diameter are shown in Figure 3 . There was no difference among all irrigation treatments in the seedling stage. This was because of the same irrigation water amount in this stage and the similar young plants when transplanted. The difference occurred after applying different irrigation water amount, and the difference in the stem diameter was bigger than that of the plant height. There was the trend that the higher irrigation water amount increased the stem diameter, and when Kcp was 1.2, the stem diameter was the biggest.
Biomass accumulation and root distribution
In different irrigation treatments, most of the root system (Table 2 ) mainly concentrated within the top 40 cm of the soil profile. The dry weight of root decreased with the deeper of soil depths. About 90% root was in 0-20 cm layer and it was independent of the crop-pan coefficients used. Despite the lack of significant difference in biomass accumulation among irrigation treatments, there was the trend that biomass accumulation increased with the increasing irrigation water amount. The heaviest root dry weight was from Kcp3 treatment. The heaviest shoot dry weight was from Kcp6 treatment. While the lightest roots dry weight and shoot dry weight were from Kcp1 treatment. There was no positive correlation between irrigation water amount and root system, and between root system and shoot system. 
Yield and irrigation water-use efficiency
Irrigation water amount, yield, irrigation water-use efficiency and their variance analysis are presented at Table 3 . Total water applied to treatments ranged from 85.68 mm to 337.75 mm, and it increased with the increasing croppan coefficients. While the same trend for yield and water use efficiency was not observed with the increasing croppan coefficients. The yield difference between Kcp6 treatment and other treatments was significant （ P < Figure 3 . Growing curves of tomato plant height and stem diameter 0.05）, while a non-significant trend was observed when Kcp was 0.2~0.8. The difference of irrigation water-use efficiency between Kcp1 treatment and other treatments was significant, while a non-significant trend was observed when Kcp was 0.6~1.2. This was because when Kcp = 0.2~0.8, the high-frequency water management minimizes soils as a storage reservoir for water, provides at least daily requirements of water to a portion of the root zone of each plant, and maintains a high soil matric potential in the rhizosphere to reduce plant water stress (Phene and Sanders 1976) . While when Kcp =1.0~1.2 was used, there was no water deficit in the whole root zone of each plant.
Commercial yield
The commercial yield of tomato is shown in Table 4 . The initial production was the total yield after 15 days from the first harvest. Higher irrigation water amount increased the initial production. It indicated that the increase of irrigation water amount was favorable to tomato prematurity and helpful to increase the economic benefit, which will be on the market earlier. The tomato number per plant was about 12 in all treatments. It was mainly decided by hereditary factors and had no relationship with the irrigation application. When Kcp was 0.2~0.8, tomatoes produced medium fruit (100~149 g), while when Kcp was 1.0~1.2, tomatoes produced large fruit (150~199 g). 
Conclusion
When making irrigation scheduling for greenhouse tomato based on pan evaporation and soil matric potential threshold of tensiometer, the irrigation application was frequent and low volume with the decrease of the Kcp values. The irrigation frequency was not a constant during the whole growing period of greenhouse tomato. Irrigation water amount had no apparent influence on plant height, fruit number and root concentration area, while it had effect on stem diameter, commercial yield, total yield and biomass accumulation. When Kcp was equal to 0.2~0.8, the tomato yield was not sensitive to the 
